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According to the review of the world energy resources and use, more than half of the energy has 
been consumed in the last two decades since the industrial revolution. Air separation via cryogenic 
process is one of biggest energy consumption units in industries. Aiming energy efficient, a new 
cryogenic air separation process is proposed to produce oxygen with high purity to be used typically 
in steel industry from feed air with 50000Nm3/h flow rate and composition of 78% nitrogen, 21.07% 
oxygen, and 0.93% argon according to a pattern. This process follows the same series of steps as the 
cryogenic separation which are cooling the feed air and then cleaning it prior to cryogenic heat 
exchanging and then send it to cryogenic distillation unit, the distillation unit in the new proposed 
process consist of a single distillation column, while the lower high pressure distillation column in 
the traditional process is replaced by a compressor which compresses a portion of the high nitrogen 
purity that is produced from the top of distillation column, this stream is cooled against the final 
products and then condense in the bottom of the distillation to give the heat needed in the reboiler, 
and then cooled again against the distillate stream and send back to the column after let down its 
pressure, so the distillation column needn’t any extra heating or cooling. This process simulated by 
Aspen Plus software, the simulation results shows that this process has the lowest energy 
consumption; it saves 37.4% of the energy used compared with the traditional process because of 
the following reasons: (1) all the energy consumed in the compressors since there is no extra cooling 
devised only heat exchangers exist, (2) Turbine is used in letting down the pressure of the feed air to 
the distillation column which is recovered a part of the energy consumed in the process, and (3) The 
existence of liquid oxygen. The oxygen productivity in the proposed process increases by7.4% 
because the waste nitrogen stream holds less oxygen element. The increasing in the oxygen 
productivity is indirectly decreases the energy consumption, because higher productivity means 
lower feed air flow rate is needed to get the same product oxygen flow rate with the same purity, and 
it results in decreasing the energy required in compressing air in addition to decreasing the 
equipment’s size.        
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Chapter1      Introduction 
Free oxygen is too chemically reactive to appear on Earth without the photosynthetic action of living 
organisms, which use the energy of sunlight to produce elemental oxygen from water. Elemental O2 
only began to accumulate in the atmosphere after the evolutionary appearance of these organisms, 
roughly 2.5 billion years ago. Currently diatomic oxygen gas generally regards to constitute  
 
Figure 1.1 Air Composition. [2] 
Because it comprises most of the mass in water, oxygen comprises most of the mass of living 
organisms (for example, about two-thirds of the human body's mass). All major classes of structural 
molecules in living organisms, such as proteins, carbohydrates, and fats, contain oxygen, as do the 
major inorganic compounds that comprise animal shells, teeth, and bone. Elemental oxygen is 
produced by cyanobacteria, algae and plants, and is used in cellular respiration for all complex life. 
Oxygen is toxic to obligately anaerobic organisms, which were the dominant form of early life on 
Earth until O2 began to accumulate in the atmosphere. Another form (allotrope) of oxygen, ozone 
(O3), helps protect the biosphere from ultraviolet radiation with the high-altitude ozone layer, but is 
a pollutant near the surface where it is a by-product of smog. At even higher low earth orbit altitudes 
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Oxygen was independently discovered by Carl Wilhelm Scheele, in Uppsala, in 1773 or earlier, and 
Joseph Priestley in Wiltshire, in 1774, but Priestley is often given priority because his work was 
published first. The name oxygen was coined in 1777 by Antoine Lavoisier, whose experiments with 
oxygen helped to discredit the then-popular phlogiston theory of combustion and corrosion. [1] 
1.1 Uses of Oxygen 
The first commercial use for oxygen was driven by the development of “lime lights” in the theatres 
in the mid-19th century, until their replacement late in the same century by electric arc lighting. 
These bright stage lime lights required a steady supply of oxygen and hydrogen to feed a flame that 
was directed on the cylinder of calcium oxide, causing it to glow brightly without melting.[3] 
Oxygen demand received a further boost at the start of the 20th century by the desire to produce 
calcium carbide, required for manufacture of acetylene. It was realized that combining oxygen and 
acetylene in an oxy-acetylene torch resulted in a very high temperature flame, able to melt and 
therefore weld a wide variety of metals.    
Recently high pure oxygen is used in steel industry to burn off impurities, such as carbon, sulphur 
and phosphorous. The removal of these impurities turns brittle cast iron into strong steel. Oxygen 
also used in combustion processes especially in gasification so it is an important raw material in 
Integrated Gasification Combine Cycle (IGCC). 
There are other uses of oxygen in the biological treatment of waste-water, the use of oxygen instead 
of air permits increased capacity in existing treatment plants. Injecting oxygen into sewers reduces 
hydrogen sulfide formation, which results in reduced corrosion and odor. Finally we shouldn’t forget 
the importance of oxygen in medical care field. 
Figure 1.2 show the global market share of industrial gases, oxygen has the biggest share because its 
wide uses as mentioned before, then nitrogen and argon. These three gases are the main composition 
of air. So from here the importance of separating air into its component especially oxygen appears, 













Chapter1      Introduction 
3 
 
  Figure 1.2 Global Industrial Gas Market Share. [3]  
1.2 Oxygen Production 
Chemical methods of separation oxygen from air have been used historically. Since it might be 
foolhardy to rule out such processes being further devolved! Du Motay and Marechal in 1866 used 
thermal cycling of alkaline manganates, but commercial operation was not long-lasting. 
Boussingault used barium oxide, at 5400C to absorb oxygen and 9300C to desorb. This process was 
improved by Brin’s and still further by Murray. The process developed by Murray held the barium 
oxide at 6000C and absorbing oxygen at a pressure of 1.7bar. Then oxygen was obtained by 
subjecting the oxide to a vacuum at the same temperature. This appears to be an early example of a 
Vacuum Pressure Swing Adsorption (VPSA) process, [4] which will be discussed latter.   
An air separation plant separates atmospheric air into its primary components, typically nitrogen and 
oxygen sometimes also argon and rarely other inert gases. There are various technologies that are 
used for the separation process; the most common is via cryogenic distillation. This process was 
pioneered by Dr. Carl von Linde in the early 20th century and is still used today to produce high 
purity gases. In addition to the cryogenic distillation method there are other methods such as 
Membrane, Pressure Swing Adsorption VPSA, which are typically used to separate a single 
component, such as oxygen, from ordinary air. [2] 
Classification of the most common technologies is shown in figure 1.3. These technologies are 
discussed in details in following sections. 
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Figure 1.3 Classifications of Air Separation Technologies. [5] 
1.2.1 Cryogenic Air Separation  
In cryogenic air separation, air is compressed and then cooled and cleaned prior to cryogenic heat 
exchange and sent to the distillation unit, all cryogenic air separation processes consist of a similar 
series of steps, Figure 1.4 illustrate these unit operation processes. 
 
Figure 1.4 Unit Operations for a Cryogenic Air Separation Process. [8] 
Variations in selected process configuration and pressure levels reflect the desired product mix (or 
mixes) and the priorities evaluation criteria of the user. Depending on the purposes, air cryogenic 
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maximum product recovery, or maximum operating flexibility. 
Air separation plants produce one or both of the two most common atmospheric industrial gases 
(nitrogen and oxygen) as gases and sometimes as liquid products. Some plants also produce argon, 
and occasionally the rare inert gases (neon, krypton and xenon). Plant products may be delivered to 
customers as gases through local pipelines or regional network, may be delivered as liquids in “bulk 
liquid” trailers, or in high-pressure cylinders. [6] 
Nitrogen-only production plants are less complex and require less power to operate than an oxygen-
only plant making the same amount of product. Co-production of both products, when both are 
needed, increases capital and energy efficiency. Making these products in liquid form requires 
additional equipment and more than doubles the amount of power required per unit of delivered 
product. Argon production is economical only as a co-product with oxygen. Making it at high purity 
adds to the physical size and complexity of the plant. [7] 
Increasing the production rate from a single equipment train continues to be examined as a method 
of reducing unit costs through economies of scale. Figure 1.5 demonstrates Air Products experience 
in oxygen production from a typical single-train cryogenic ASU from 1987 to 1997. 
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